Rapid advancements in next-generation sequencing (NGS) technologies have led to the 1 development of numerous bioinformatics tools and pipelines. As these tools vary in their 2 output function and complexity and some are not well-standardized, it is harder to resistance. The results were verified using Sanger sequencing data for the same dataset 12 in a supporting publication [28] . NeST offers a user-friendly pipeline for variant calling 13 with standardized outputs and minimal computational demands for easy deployment for 14 use with various organisms and applications.
Introduction

16
Innovations in sequencing technology have led to a massive increase in throughput 17 coupled with a rapid decrease in cost per base sequenced. As a result, speed and 18 accuracy of next generation sequencing (NGS) have improved exponentially in the past 19 few years [21, 22] . The vast increase in the number of NGS platforms and applications 20 has led to the development of myriad bioinformatics tools to perform standard analyses, 21 such as variant calling [23, 30] . Many bioinformatics pipelines have been developed to 22 incorporate variant calling tools to ensure that only high quality variant calls are 23 reported [3, 9, 12, 25] ; however, these solutions are mainly tailored for model 24 organisms [5, 7] . Modified approaches are required for organisms that lack extensive 25 curated databases and complete annotations. Here, we introduce NeST (Next-generation 26 Sequence-analysis Toolkit), a consensus-based variant calling framework that integrates 27 multiple variant calling strategies to improve the accuracy of variant call. The 28 plug-and-play framework integrates standard variant callers such as GATK [8] and 29 Samtools [17] and allows users to plug-in their tools of choice to the existing consensus 30 system. To standardize and simplify the analysis process a standard BED file format is 31 used for annotation. The tab delimited BED (Browser Extensible Format) file format is 32 easy to generate and annotations in BED format can be easily accessed, including via 33 UCSC table browser [13] . NeST was validated using targeted-amplicon deep sequencing 34 (TADS) data from Plasmodium falciparum, to accurately identify variants that are 35 associated with resistance to anti-malarial treatments, as compared with Sanger 36 sequencing data [28] . The results were verified using Sanger sequencing technology in a 37 previously published study [28] . The framework has been tested on Linux and OSX 38 operating systems for deployment across these two platforms. sequence reads are trimmed and cleaned according to quality thresholds, and adapters 60 are removed using BBDuk [4] . To reduce sequence artifacts and ensure high-quality 61 alignments, reads with a quality score less than 30 are trimmed and reads less than 100 62 bases in length are removed prior to analysis. Cleaned sequence reads are then aligned 63 to a reference genome using one of the four available aligners (BWA, Bowtie2, BBMap, 64 and SNAP [4, 16, 18, 31] ), which can be chosen by the user. If none are specified, BWA 65 is used to align the reads under default settings. All aligners are run in global alignment 66 mode. The alignments are then sorted, de-duplicated and read group information is 67 added using Samtools [19] and Picard tools [1]. The de-duplicated BAM files are then 68 used to call variants using GATK [8] and Samtools-Bcftools [17] . The current 69 framework restricts calls to SNPs and ignores short Inserts and Deletions(InDels).
70
VCFToolkit Module
71
The VCFToolkit is a custom VCF parser to filter, merge, and annotate variant calls 72 from GATK [8] and Samtools [17] . The parser is broken into submodules, each built to 73 perform a function, allowing for ease of use and addition of extra functionality as per frequency, sequencing depth, and occurrence of variants across all samples are generated 99 using custom RScripts provided with NeST (Supplementary File S1).
100
The source and installation instructions for NeST can be found on Github
101
(https://github.com/shashidhar22/NeST.git).
102
Framework Evaluation
103
NeST was developed to enable rapid and accurate drug resistance analysis of P. Resistance Surveillance (MaRS) pipeline developed at the Centers for Disease Control 106 and Prevention(CDC) [28] and the modular nature of the framework can easily be 107 adapted for variant identification with other pathogens. The performance of NeST was 108 tested on an MSI GLM62M laptop, 8GB RAM and Intel i5 processor, on Ubuntu 16.04. 109 Targeted-Amplicon Deep Sequencing (TADS) data (i.e., crt, mdr1, k13, dhfr, dhps, and 110 cytochrome b genes and mitochondrial genome) from 245 P. falciparum samples, 111 generated from MaRS [28] , was analyzed in 1 hour and 3 minutes. All variant calls 112 were independently validated using the Geneious [14] bioinformatics analysis pipelines may need to be developed and/or evaluated for specific 127 organisms [3, 5, 7, 9, 11, 27] . Here, we present a variant calling python framework, NeST, 128 that can be used to identify known and novel polymorphisms and ensure reproducibility 129 of annotated variant calls. 
